drinking water is a potential source of nearly 75% of the world's waterborne diseases [3] .
Groundwater is regarded as an important source for drinking and its quality can be threatened by a combination of physico-chemical and microbiological parameters that can be further linked to health-related illnesses [4] [5] . For the effective assessment of water quality, it is important to identify the potential health effects of the pollutants in drinking water. For this, human health risk assessment (HHRA) is an effective tool for estimating potential health impacts caused by various contaminants [6] [7] . HHRA is the identification, analysis, and characterization of potentially adverse health effects of various contaminants in humans from exposure to such agents in the environment [8] . Assessment of carcinogenic or non-carcinogenic risks of contaminants can be used to determine their carcinogenic risks at variable concentrations. Excessive exposure to any contaminant can cause a number of adverse effects. Long-term entry of arsenic (As) to the body may lead to disorders of the bladder, liver and kidney cancers, and skin lesions [9] . Excessive flouride (F -) may lead to dental fluorosis. These ranges vary from mild dental fluorosis that causes mottling and embrittlement of teeth to skeletal fluorosis that is characterized by crippling as it varies with level and period of exposure [10] .
Many multi-dimensional and cross-sectional studies in different parts of the world have been done to assess drinking water quality. Research has been carried out to investigate groundwater quality around Lonar Lake, India. The determination of water quality was done by taking samples and subjecting them to complete physicochemical analysis, including pH, total hardness, calcium (Ca), magnesium (Mg), bicarbonates ( 
. Results revealed high concentrations of Fe, Cl -, F -, Ca, Mg, and total hardness as compared to WHO standards [11] .
Exposure to various contaminants via drinking water remains a present health threat to many populations, particularly in areas of developing countries that have insufficient water treatment facilities [12] [13] [14] . In recent years, numerous health-related pollution incidents associated with heavy metals have been widely reported, for instance in a study conducted in Hanam, Australia, where arsenic (As) concentrations in 300 tube-well water samples were analyzed and the water consumption levels in 150 households were estimated. Cancer risk was characterized using cancer slope factor (CSF) and exposure doses (ED) with a probabilistic approach. The results showed that As concentrations in tubewell water ranged 8-579 ppb (mean 301 ppb). Daily consumption of As in 40% of the adults exceeded the level of ED at 1 µg/kg/day. The average cancer risk in adults due to consuming As-contaminated tube-well water was 25.3 × 10 -5 [15] . The port of Dayyer port in southern Bushehr Province, Iran, has for many years been a typical endemic dental and skeletal fluorosis area caused by drinking water. In addition, symptoms of renal disorders and non-vertebral fractures were also evident in residents of this area [16] .
In Mianwali, most of the population relies on groundwater for domestic purpose. Industrial and agricultural use of groundwater has also grown accordingly. However, groundwater development is largely unmanaged and unmonitored, resulting in serious threats that are emerging, such as groundwater mining, saline water ingression, secondary salinization, and increasing levels of physico-chemical parameters and their associated health impacts. Hence, quality of groundwater is, therefore, under severe threat and of major concern [17] . So this study is crucial for investigating significant physico-chemical quality of Mianwali drinking water and determining the various health risks of consuming the water by determining their Exposure Doses (ED), hazard quotient (HQ), and cancer risk (CR) in the population. 
Study Area
Mianwali is a district in the northwest of Punjab, Pakistan. It covers an area of 5,840 km 2 . According to the 1998 census of Pakistan, the district had a population of 1,056,620, out of which 20.39% (85,000) dwell in the district capital Mianwali, which has a population growth rate of 1.8%. The population of Mianwali is likely to increase to 149,689 individuals by 2033. The district lies at 32°0′ north and 71°30′ east. The district is administratively divided into three tehsils -Isakhel, Mianwali, and Piplan -and it has 56 union councils [18] (Fig. 1) .
Existing Water Supply Schemes of the Study Area
There are a total of 55 water supply schemes in the study area. These schemes are further extended into 115 sub schemes, which were assessed for physico-chemical and bacteriological determination of the drinking water from sources and tap water. The total estimated population of the area at present is 206,210, out of which only 72,450 are served by these supply schemes [18] .
Material and Methods

Collection of Secondary Data
The collection of secondary data was carried out with the help of various books, scientific journals, articles, case studies, reports, research, and recent publications.
Collection of Primary Data
Primary data was collected by conducting water quality sampling and analysis from water supply schemes (WSS) in Mianwali. A total of 115 WSSs were assessed for this purpose (among them 81 of the schemes that supply water directly and 34 of the schemes that supply water after storage). These schemes covered a variety of water sources (tubewells and handpumps), water storage facilities, and water distribution systems that collectively cater most of the drinking water demands of the population. From each scheme, one sample was collected from the source of the water (mostly hand pumps and tubewells) and two of the samples were collected from tapwater (mostly from commercial taps). In total, 6 .
Color 345 samples were collected, out of which 115 samples were collected directly from the source end and 230 samples were collected from two tapwaters of each scheme. Mean value of both samples collected from tap water of each scheme was calculated to determine the variation in quality of water from sources and after passing through the distribution network from the tapwater. Each samping location was marked by the GPS coordinates obtained by using a Magnin GPS Explorist 600 unit.
Sample Collection
Water samples were collected in polyethylene (PET) bottles of 600 ml capacity each for physicochemical analysis. Before sampling, all the bottles were washed and cleaned properly. Before the collection of water samples, bottles were washed properly and rinsed thoroughly several times. Sterilization of the water samples was carried out with the help of distilled water.
Analytical Methods
The collected water samples were analyzed in the PCRWR Laboratory, Lahore. Investigated physical parameters include pH, EC, color, odor, taste, alkalinity, total hardness, turbidity, and TDS. The investigated chemical parameters include the various inorganic elements (Cl -, K, F -, Na, and SO 4 2-, CO 3 -, HCO 3 -, NO 3 -) and metals (Ca, Mg, As, K, Fe). Standard methods and protocols were followed for determining 21 physicochemical water quality parameters (Table 1) .
Statistical Analysis
Statistical interpretation of the results was carried out through SPSS Software v. 21. The physico-chemical parameters were correlated against each other to determine their relationships using Pearson's correlation (r) coefficient values. In order to calculate correlation coefficients, correlation matrix was constructed by calculating the coefficients of different pairs of parameters and correlation for significance was further developed by applying p value. The variations are significant if p<0.05 or p<0.01, and non-significant if p>0.05. The significance is considered at the level of 0.01 and 0.05 (two-tailed analysis). Descriptive statistics were used to calculate mean, standard deviations (SDs), maximum (Max), and minimum (Min) values of ED, HQ, and CR.
Human Health Risk Assessment
Health risk assessment was done to determine the health risk in individuals exposed to flouride and arsenic [19] . (1) …where: C = flouride/arsenic concentration in water (mg/l) IR = Intake rate (2L/day) ED = Exposure duration (assumed for 67 years) EF = Exposure frequency (365 days/year) BW = Body weight (72 kg) AT = Average lifetime (24,455 days)
Exposure Dose ED = C * IR * ED * EF/ BW * AT
Hazard Quotient
Generally, hazard quotient (HQ) was calculated by the following formula [19] : HQ = ED/RfD (2) If the calculated HQ is equal to or greater than 1, the intake of such water is considered to be a health risk. The reference dose (R f D) of As is 0.0003 mg/kg/day, while the reference dose of F -is 0.08 mg/kg/day.
Cancer Risk
Cancer Risk (CR) was calculated by the following formula [19] : CR = ED*CSF (3) …where CSF is the cancer slope factor, and the CSF value for As is 1.5 mg/kg/day.
Comparison with WHO Standards
On the basis of the laboratory analysis and interpreted data the samples that lie within permissible ranges of WHO standards were regarded as fit for drinking purposes, while those samples whose values exceeded the permissible limits of WHO standards were rendered unfit for drinking purposes.
Results and Discussion
Laboratory analysis showed that the majority of the samples unfit for drinking purposes were contaminated directly from the source, as no significant variations were determined in the quality of water when obtained through consumer taps. Contamination of water directly from the source end lies in the fact that groundwater quality of the district is already contaminated, which has resulted in the deterioration of water quality. The key factors responsible for water quality deterioration directly from the source may include the geological strata of the area, surrounding pollution sources, age, poor construction, and old, corroded and un-maintained drinking water sources and sewage pipelines that allow intrusion of seepage water in the pipelines [20] . Groundwater quality could also get contaminated by industrial and agricultural activities. Industrial effluents, hazardous chemicals, toxic pollutants, heavy metals, nitrogenous fertilizers, and pesticides seep through water and pollute the underground water reservoirs [21] .
Physico-Chemical Parameters
On the basis of the laboratory analysis and analyzed data it was interpreted that the overall quality of Mianwali was 81% physico-chemically fit while 19% was physico-chemically unfit for drinking purposes (Fig. 2) . The concentrations of most physico-chemical water quality parameters were found within the permissible limits of WHO, for instance the value of TDS ranged in-between 141.90 mg/L to 2,483.46 mg/L with a mean concentration of 842.427 mg/L obtained from source ends and 846.540 mg/L from consumer taps. The WHO for TDS is 1,000 mg/L. Of 345 samples, 102 samples (30%) were unfit while the remaining 243 samples (70%) were fit for drinking purposes. TDS is usually affected mainly by topography, lithology of aquifer, recharge, runoff, and discharge conditions of groundwater. It is an important parameter for assessing groundwater quality [22] . The taste of 22% of the samples obtained were analyzed to be objectionable. At higher EC levels drinking water may have an unpleasant taste or may cause gastrointestinal distress [23] (Table 2) .
Total hardness in water is mainly due to the presence of Ca, Mg, CO 3 Table 2 . Drinking water quality status in terms of fit and unfit samples from Mianwali District. [24] . Results showed that the concentration of hardness in water samples (source ends and consumer ends) ranged from 12 mg/L to 179 mg/L. The permissible limit of WHO for hardness in drinking water is 500 mg/L. Concentration of hardness level in water samples were exceeding the limits in 29.5% of the water samples (Table 2) . Elevated water hardness mainly contributes to economic damage such as corrosion and choking off of the pipes and utensils. It has been reported in previous studies that elevated hardness may cause diarrhea, gas trouble, kidney stones, and heart problems [25] [26] .
Results of the inorganic parameters showed that Nitrate (NO 3 -) levels ranged from 0.013 mg/L to 62.96 mg/L in the water samples obtained from source ends and consumer ends of the district. They showed 14.2% of the samples were found to be exceeding WHO standards, i.e., 200 mg/L. The increased levels of NO 3 -in the water samples were due to the intrusion of sewage and industrial effluents into the groundwater or may be due to the release of leachate from landfills or open dumpsites to the surrounding soil. Exceeding NO 3 -levels is indicative of high pollution load in the groundwater. Water with high NO 3 -concentration if consumed causes methemoglobinemia with the symptoms of paleness, bluish mucous membranes, and digestive and respiratory problems [27] . Chloride (Cl -) concentration from the water samples ranged between 9.6 mg/L to 893.0 mg/L in the water samples obtained from source ends and consumer ends. 15% of the water samples were found to exceed WHO standards, i.e., 250 mg/L (Table 2) . A high concentration of Cl -in drinking water can produce hypertension, affect metabolism, and increase the EC of water [28] . Sulphate (SO 4 2-) occurs naturally as a result of leaching from gypsum and other common minerals. SO 4 2-originates from sedimentary and igneous rocks [29] . The concentration of SO 4 2-in the district ranged between 9 mg/L and 1,432 mg/L in the samples obtained from sources and consumer ends of the district. According to WHO, a water sample exceeding the SO 4 2-level of 250 mg/L in water is unfit for drinking purposes ( Table 2 ). 40% of the water samples were found to be exceeding the recommended limits of WHO. This may be due to the fact that SO 4 2-may enter watercourses through waste discharge [17] . Sodium (Na) is an abundant element and is a common constituent of natural water. WHO guideline value for Na is 200 mg/L. Results showed that 14.2% of the samples exceeded the WHO limits in terms of Na concentration ( Correlation is significant at the 0.01 level (two-tailed) Correlation is significant at the 0.05 level (two-tailed). with minerals in rock and soil with which groundwater comes into contact. Calcium (Ca) level ranged between 3 mg/L to 500 mg/L. The WHO guideline for maximum level of Ca in drinking water is 75 mg/L, while Ca level in water samples (sources and consumer taps) exceeded the permissible limit in 40% of the samples (Table 2) . Increased levels of Ca in drinking water can be due to the presence of calcareous rocks found in underground water sources, and a significant amount of which is being added into groundwater which is then supplied to WSS of the district for drinking purposes. Drinking water may represent a major contributor to dietary exposure to Arsenic (As) in areas with high natural levels of As in groundwater [30] . As content of the samples ranged between 0.055 to 17.34 ppb. The permissible range of As intake in drinking water recommended by WHO is 10 ppb. In the study, 7% of the water samples were unfit in terms of As content in drinking water.
Correlation Matrix between Various Physico-chemical Parameters Table 3 shows Pearson's correlation between various physico-chemical parameters of water at a) source ends and b) consumer ends. No significant differences were determined in the correlation relationships among both source ends and consumer ends because insignificant variations were determined in the water samples obtained from consumer taps as compared to source ends. The correlation coefficient r ≤ 0.35 represents weak correlations, an r value of 0.36-0.67 indicates moderate links, and an r value of 0.68-1.00 signifies strong relationships [31] . Results of the Pearson correlation matrix (Tables 3a-b) show a strong statistically significant positive relationship (r = 0.68-1.00, p<0.01) between the distribution of Ca, SO 4 2-, and hardness with TDS; a strong statistically significant positive relationship (r = 0.68-1.00, p<0.01) between the distribution of TDS, SO 4 2-, hardness and Ca; and a strong statistically significant positive relationship (r = 0.68-1.00 , p<0.01) between the distribution of Na with Cl -.
Health Risk Assessment Model
A health risk assessment model derived from the USEPA was applied to calculate individual risks being posed to the locals of Mianwali associated with As and F -in drinking water samples. Basically intake of any substance if taken more than the permissible level could result in various health risks that can be acute or chronic, depending on its concentration, consumption rate, type, and toxicity in the drinking water [19] .
Exposure dose (ED) values of As and F -were evaluated for health risk assessment through the health quotient (HQ Correlation is significant at the 0.01 level (two-tailed).
Correlation is significant at the 0.05 level (two-tailed). while the ED values calculated for the water samples of consumer taps ranged 0.002-0.086mg/kg/day (Table  4) . ED of As in drinking water samples from source ends ranged 0.0001-0.0005 mg/kg/day. The ED values calculated for the water samples of consumer taps ranged 0.00001-0.00082 mg/kg/day (Table 4) . ED indices for mean concentrations of F -were found: source ends > consumer ends (0.0356 > 0.3255 mg/kg/day) while the ED indices for mean concentrations of As were found: source end > consumer ends (0.000210 > 0.000221 mg/kg/day). The high ED values in some WSSs may be attributed to severe contamination from urban and industrial sewage and wastewater in the vicinity near water supply lines [32] . (Fig. 4) .
HQ values for As in drinking water samples from consumer taps ranged 0.0004-2.73. The highest value of HQ at consumer ends calculated in the water samples of WSS Mohabat Khel was 2.730. The HQ value of As in these water samples may be due to its toxic nature, high concentration, and low R f D value [34] . However, no chronic exposure to local population via drinking water consumption was determined in the majority of the water samples as their HQ values were less than 1. A similar study conducted in River Gombe Abba in Gombe State, in northeastern Nigeria in which As posed no long-term health risk threats as all the values of HQ in this study fall below one [35] .
However, a very low health risk could result in those water samples for which HQ values were calculated to be greater than 1 in terms of As contamination. The main adverse effects reported to be associated with longterm ingestion of As in humans are skin lesions, cancer, developmental toxicity, neurotoxicity, cardiovascular diseases, abnormal glucose metabolism, and diabetes. Neurotoxicity is mainly reported with acute exposure from deliberate poisoning or suicide, or at high concentrations in drinking water [36] . The calculated mean trend of mean HQ value through the consumption of As in drinking water was greater in tap water than that of sources: consumer ends > source ends (0.70438 > 0.4308). This may be due to the fact that when water passes through the distribution network its contamination is elevated [37] .
Cancer risk of As values ranged 0.00002-0.00005 mg/kg/day at source ends and 0.0001-0.0022 mg/kg/day at consumer ends. Generally, a cancer risk value greater than one in a million is generally considered a cancer risk. However, these values get changed according to the local environment and national policies [38] . The risk of cancer associated with As concentration of 0.001 mg/L is calculated to be 5 x 10 -4 for an adult weighing 70 kg and consuming 2 L of water/day [35] .The results indicated that the calculated trend of mean cancer risk value through the consumption of As in drinking water was greater in consumer ends than that of source ends: consumer ends > source ends (0.0002430>0.000390 mg/kg/day). Results further revealed that few WSS were at threat to pose low cancer risk if preventive measures would not have been taken. Most evidence linking As in drinking water with elevated cancer risk of internal organs comes from ecological and HBM studies in populations of Chile and Pakistan, with high As exposures from underground wells [39] [40] . 
Conclusions
On the basis of the laboratory analysis and the analyzed data, we can conclude that physico-chemical drinking water quality of Mianwali is 81% fit while 19% is unfit for drinking purposes. Some parameters that exceeded WHO standards include calcium (40%), sulphates (40%), flouride (31%), water hardness (29.5%), and TDS (30%). Mianwali District is also regarded as safe at present in terms of health risks related to arsenic and flouride in drinking water, but the resulting values indicate that they may pose health risks to the inhabitants in the future. Deterioration in drinking water quality directly from the source is a major cause that also has deteriorated drinking water quality obtained from the consumer ends. However, degradation of drinking water quality directly from the source cautions that the groundwater quality of Mianwali is gradually deteriorating, and this may continue with time. Hence local and international authorities need to initiate precautionary and remedial measures in the district.
